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BLROUUCTION 





Since very early times men has worn clothing to 
protect him from extremea in temoorature, in the cold 
Climetes skins of enimoale were used, vhile in the trepics 
such fibers es cotton and flax were woven into fabrics, 
Aithough it bes alteys been known thet different Paebrics 
and fibers were warmer or colder when used as garments, it 
was not until 1890 that actuel] study of the thermal trense 
mission of weering apparel was uncerteken to eny great 
extent. Since this time meny epperstuses for the measurs- 
ment of thermal transmission or insuletion have beon 
developed. Some of these followed clossly cevices sliready 
in use for the measurement of the thermal trenemission of 
metela or other solids. ‘the types that have been used in 
the study ef textiles may be divided into thres greupss 
(1) two plate method as exemplified by the M.I.T. teat 
Transmission Apperatus+s (2) sooling methed as ueed by 
Priestman in 1921; and (3) conatent tempereturse method, 
the best example of which fs the apparatus at the National 
Bureau ef Standerée=, This lest type would appear te be 

i. mayon vextile Menthiy, Sept.-Oct. 1940 
©, fi. S&S, Clevslend, An Improved Apperatus For Measuring 


The Thermal Transmission Of Textiles, NEY Vole19, 
NOs Gy Dec. 1927 





the one in most general use teday. It is the method veed 
by e11 the ecopereting latcratories in the investigation 
conducted by the American fcciety for Testing Materials to 
Cetsrmine a atendard teat for evelustion of the thermal - 
transmission cherecteristies of textile fabrics, 

ihe apparatus to be described is en adaptation of 
the constant temperature, flat plinte methed end is similar 
in principle te the Netional Euresu of Standercs mechine 
developed by Clevelend, “‘everal new ideas have been 
ineerporated which tend to give aimplicity of testing 
without any loss of anscurscy. <Any desired temperature 
difference between the hot plete ond teating chember is 
autometically mainteined by means of photoelectric tubes 


end emplifiern. 


i, Ge tinston & & Baker, Meesurement of The Thermal 
Trangmissicn of Textile rebrics, ACTH Del. Ne. 16, 
Lee. 1949 





PUDPOSE 


The purpese of this thesis is: (1) te complete 
the design ené construction of an apperstus for measuring 
the thermal trensmission of toxtile fabrics: (2) to 
calibrate the apperatue so that any desired temreoreture 
difference between the het plate and colic junction mey be 
set on the diel and sutometicslly meinteineds end (&) to 
conduct tests to dstomrine the accurecy and reproducibility 


of results. 
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THEORY 


Conduction, convection, anc rediation are the 
three main precesses by which heat is treneferred from 
one region to another. Conduction is the transfer cf heat 
by direct contact between two bodies or ection between 
molecules within a bedy. in the ease of fabrics the heat 
energy passes by ccntect first frem the heat source to 
the fibers in contact with it ané then fras fiber to fiber 
until it pesses completely through the thickness of the 
fabric. There is alse seme sonduction by the eir 
entrapped within the febric. Cenvection is the trensfer 
of heat energy by moans of the metion of matter, It 
refors te motions ceceurring in Liquids and gases and not 
the randem molseuler metions oecurring in ell bodtes, The 
convection concerned with here is thet of the entrapped 
air within a febriec. It will be set in motion by the 
echenge in denaity cue to the heat from the heat source and 
the fibers, The emount of redlation is determined by the 
nature of the emitter end ite temperature. It is the 
transfer of heat by raciant energy, All bodies emit and 


ebsorb rediant energy centinuslly. In the case of rabrices 











the redient energy may be trenamitted through the moterial 
or ecnduseted heet may be rediated frem the surface of the 
Puorice 

In this work no attempt has been made to sererate 
the different methods of heat trenefer, therefcre, ail 
three are dDeing mesaured, The heat source is a flat 
copper plate, The fabric 1e@ placed on this plate and the 
amount of eleectricel energy necoeaary to keep the plate at 
a conetant tempereture is measured, The sir above the 
fabric is also kept «et a constant temperature but at some 
Level below thet cf the coyper plate, Thus, the heat 
traneferred by the fabric 1s equal to the slectrical 
energy, sonverted into heat energy, supplied during the 
time of the test. in order thet all the heat ioss from 
the copper plate shali teke place through the fabrie, the 
gvard-ring principle hea been used, The beet source is 
surreunced oy guerd units which sre kept at the seme teme 
persture as the econtrel pleto, eni thus prevent heat loss 
either laterally or downward, 

futometic controla heve been instelled on the 
apparatus in order to shorten the time of each test and 


e@lso to eliminate the constant attention of an operators 


The automatic contrels necessitate en on ané cff supply of 
current to keep the temperature of the heat source constent 
beceuse the exect continuous current necessary for « given 
fabric cennot be predicted before testing and its detor- 
mination would unduly prelong a test. Since nichrome 
heating coilis are used for the apparatus, the current 
supply for the certral heating plate is on a high - low 
Basis. “That is, instead of turning off when the siete hes 
reached the desired témpereture, the current is turned to 
® Lower Value that is egusi to half the hish current. This 
is done to roertly climinatse the efLects of the temperature 
ecoefficient of resistonce of the nichrome, It elise gives 
lese veriation in tempercture ond «& slower chenge that 
prevents the temperaturo of the centrel coil fre overe 
shocting or undershecting its mark efter the hign current 
is either turned on or of f by the relayse 

The eleetriecsl incut in watte to the central 
piate mey be measured by the t®: methed, the EI wethed er 
by using e watt-hour meter to measure energy inpute «cr 
the rurrese of this werk, the wattehour ester mey be 
eliminated beeause direct current is used anc no wattehour 


meter is eveilable in the proper volt range. The 1®R 


1G 


mothod 1s most satisfactory when the nichrom@heating ¢ecil 
is et a constent temperature, then no correction for 
temperature has te be made, As tests were conducted with 
the centro] plete temperature ranging from 20° C. to 45° ¢,, 
this method of mensuring the wattage wes not sstisfactory. 
the EI mothod sives the moat setisfectory resulte with the 
least chenee of error. The main source of error in this 
method ia the variation in veltege supply. This has been 
recuced as far as possible by connscting the centrel 

plate neeting coll direct to the battery terminals. 

Ssene thought must be given te the proper instant 
for starting anc storping a teat and the length of time of 
eech test. As the current is on a high + low Basis, the 
dest overall sverage would be obtained by sterting and 
stopping each test at the smre point in a cycle. in créer 
tc obtein reguler cycles, the high ené lew currents ehould 
be so set thet thoy are each on onsehelf the totel tine of 
the test. This same resscning holds true for the guari 
units but, es the power input te these heating eccils is 
not measureé, the onmeoff current is satisfsectory. 
sheoretisceally, tho total time cof a test may be of any 


Gesireble duration, however, cue to ths cycling of the 
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eurrent supply, the lenesr the tins of the test the better 
chance of sverazging out sane of tho wunoerteinties, During 
any toet there will be some moisture eriven off from the 
fabrie and the heat neceasnry to vaporice thie moisture is | 
measured. Thus, on errer is intredveed here thet will vary. 
for fabrics of different moisture sentents. Fren this 
atendpoint a shert test Yould te desirable so thet all 
fabrics would be tested et elevge to their nermeai moisture 
contente 
The coefficient of heet transfor es measured by 

this epperatus is cenputed in cnlories/sceond/rster"/derree 
centigrade, It is ths quentity of hest supplied to the 
central plate per second divided by the ditference in fame 
perature between the cepper plate ond the test chember and 
thea ares of the plate. The elestricsl enerzy supplise te 
the centrel plate 19 meéasursd bys 

€ @ TpyPot + Tp B, (tet) 

¥ & joules 

ig ®@ high current in emperes 

Fy ® voeltege correapending to Ig 


& Low current in empores 


= total time of test 


ty, 
ly, ® Voltage correspencing to tT, 
t & time high current i6 on 
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The numericel relation between heat and 
mecheniceal energy, which ia implied by the first lew of 
themnodynemics, was measured by dovie ebout 1645, this 
work showed that one calorie is equivelent to 4.186 joules. 


Thus, the heat in celories supplied to the copper plate is: 


The coefficient of heat transfer te then 
Computed ags 


ik & et 

A = area of central plate in asquere meters 

6 © temperature differsnes between centrel 

plate and test chamber 
£6 will be noted that ne mention is meade con-= 

serning the linear distance betwoon the two sides of the 
material, ‘this is normally taken into ecoount when 
meesurin: thermel conductivity of metals, Wovever, aa the 
trus effective thiekness of fabries is indetermineble, 
this vaiue hes not been used, 


the stan@éard foros for thermal cenduction 4a: 


q « HA (t-te) 


& 
q ® heat transter 








LS. 


k 8 thermal conductivity 
A 8 eross sectional area 
t ote * tomporature difference 

$ ®& distance between measuring points 
this shows that the heat trensfer is inversely prorortional 
te the thicknesa of a specimen, In tosting good conduce 
ters euch as metele, this fect holds true but, in 
measuring such things es textiles, other factara ontez into 
the pleture., Textiles ere poor conductors due te the air 
antreapped in them, It kas boen found that the heat loas 
through eae fabric is greater than through en squeal thick= 
ness of eir, gonduction through the actual fibers being a 
contriouting factor’, Reos @iso pointed out that for 
febrics of thickness greater then 100 mils, the equivalent 
eiz thickness is lesa then the fabric thicknese by about 
20 per eent at 100 miie febric thickness, and about 40 per 
cent et 400 mile fabric thickness, Thus, cone might not 
expect the thermal trananission ef fabrics to be inversely 


proportional to thicknesa. 


lo We Ne Rees, J, Textile Institute, Aug. 19461 
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in scemputing the eoeffielent of heat transfer 
the formmle used would indicate thet the ectuel tempora- 
ture gradient would have no effect. Actually, this might 
not be true as conduction, convection and radiation ere 
being measured together, At bicher temperetures tho 
radiation end convection offecta may be much greater than 
the effect of concuction. Under these conditions the 


goerticient of heat transfer will tend te Increase. 
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HPPA EAUS 


The meaquring appereatue end electrical cireuites 
emo the seme as deseribed in a previous thosist, with 
additions and modificetions as cesaeribed in the follewing 
sections, Aliso see figures 1 and fe 

tho certrel pieate heating coll was disconnected 


irem the common 40 volt DC line and a 40 volt IM Line run 





direct fron the battery room to the centre] plate, Thia 
waa dono to eliminate the interference cf the three cuerd 
unite whieh saused the central plate eurrent to vary 
whenever they were turned on or off, A blenk prong on the 
eix prong plug in the testing chenber vas used to connect 
the central plete with the 40 volt line. 


4 great deal of trouble wes oxperienced at the 





stert of the calibration with the roleys feiling to 
operste., in order to eliminate this, a series of chenges 
were mede in the amplification circuit. The heaters for 


s lseiede Thesis Nos » 1950, én Apparatua For 
Measuring The Thermal Trenasission Of Fabries 
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the two 6C5 tubes were talon from the 6 volt LC line and 
connected to a Go volt AC trenafermer, This prevented 
eny chenge in opereting. chersetoriaties cus to battery 
failure and made the heaters indopendent ef tho other 
eircuits, 

The resistences in the grid circevits of the 605 
tubes were changed from .6 merohes to 1 mesolen in arder to 
increase the grid bing. As the grid bDies was still low, 
the adjustable SE resistence in this eirenuit was romoved 
end the connection mace direst to the 9 volt limee A 
voltage Civider between the 1Z0 end 0 Vvelt lines was then 
used ond a 7S ohm adjustable resiatence connected to the 
Sathodesa in order te give the propor grid bias, This 
¢limineted the 6 volt 56 line to the sathodes. 

in order to meke the myetem more sensitive to 
Ghenges in the spetlight galvaenonster, the photoelectric 
Gelin were moved away from the light about oneenalf inch 
ang thoir ends cverlepped. ‘Thus, when tho spelliight 
ehanges only a small degree in its are, it can move from 
the sensitive element of one rhetooleotric tube to the 
other. 


fhe bex containing the gaivenemcter, smplifiLer 


17. 


aystem and photeslectris tubes wes supperted at each 


corner from an cverheed bean by means of four springs in 


omiss to eliminste vibrations reaching the galvenemeter. 


All the connections in the emrnlifying circuit 


anc réleys were resolcered to give a gpocd contacts 


the foliowing equipment tas Inetslieds: 


le 


ie 


4s 


De 
Oe 


Twa 5000 ohm relays In tho sheif coil 
circuit 

& 454 ohm rheestat in the shelf coil 
eirenuit 

4n ammoter in each guard unit heating 
cnrenit 

A relay in the high current cirenit of 
the centrel piste heeting ocll to turn 
an electric cloek om or of f with this 
eurrent 

A 1108120 velt 60 cyclo eloek 

& O88 chm rhecstet in the thermoveltage 
cancellation eireult for the centrel 


plate 


The refrigerstion unit was overheulcd ant 


refilled eith Sp but it beceme inoperative efter only a 
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few teste were run, Therefore, the majority of the tosts 
were run with the ¢ol4 junction et room tomperature. An 
attempt wee mede to keep thts st 21° GC, but it wee not 

ceonstent. On warm days tho roo temperature wee os high 
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identiziestion of Figure It 


Voltmeter meross central piate heeting coil 
femeter in oentrol plate beetine oo1l clrenuit 
Switeh « 110 volts AC « for electric cloek 
wwiteh = 40 volts DC - fer guard unit beating colis 
Switeh » 110 volts AG = for synehronous motor 
Switeh « 110 volts 40 - for 6.8 voit transformer 10 
Switeh « 129 volts DG « for holding curront 
Switeh « 116 velte £0 ~ for @,8 volt transformer £25 
Switeh «= 40 volts DG = for central plate heating coil 
Transformer = 110 voits «- 6,5 volts «+ for gelvanometor 
Light 
Low current contest in centrel plete heating co11 cirenit 
hneostet in sontral plete heating cecil cirenit 
“witeh for low eurrent in eentrel rlete heeting eof1 
circuit 
Relay in central piste henting coil cireuit for electrics 
oLock 
Rheestat in ton cusrd ring heeting coll eireuit 
rheostst in Setiam guard ring heeting cecil circuit 
tTheestet In shelf heating sell ciraonit 
femeter in snelt heating coli csireuit 
Aempeter in bottom suerd ring heating eoil cirenit 
Aemeeter in top guard ring ceating ¢eoli cireuit 
Symnehrenous motor - 116 volte AG - 1 EPH 
Switeh for thermoveltege cenceilation circuit 
otery switeh for thermoscevnle cirenits and réleve 
Lheostet in thermoveltage ceaneellation cireuit 
fempernture rheostet in thermevoeltase cenceliatien chunit 
Bleetrie elock for nigh current in ecentrel plate resting 
coil cirevit 
h@leve in eahelf nesting coil cireult 
Felays {nm bottom gverd ring hesting coll alrevit 
helays in top guerd ring heating coli cirenit 
Felaya in central plete hesting eotl cireult 
imstery - 1.6 volts - in thermovoltege canselletion 
circuit 
“resistor = 10001 + in eathede circuit ef &5 tuber 
Traneflormmer @ 116 volts «= @.% volte « for heating 
clreults of 80S tubes 
apotlignhnt galvanometer 
hesister - 75 o varleble «- in cathece cireult ef 6CS 
tubes 
Photoelectric tubes - Gitron 1¢ 
fmpliftier tubes « €05 
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A geneitive thernmoneter wea placed on the central 
piete and the bulb wes covered with putty. As the oarsy 
Stages of the esiibration sere seacuplished while the 
Compressor wae still opétrating, the toasting osbinct was 
breught to 4° ¢, and the coils turned on and allowed to 
heat to the desired temperatures. See page e7 fer cperating 
Emnatructions, “he 106006 chm resisteyxy in the central plete 
heating coil cilreuit was set ap that the thermovoltagea 
gancellation eurrert was Osh mllilermrere, ‘his eurrént 
Was @uch thet the O-6 eles regulator coule be Salibrated in 
Gifferences of temperature between the mot plete and cold 
junction ranging from 18° 0. te 40° ¢, 

the &nitial ealibration showed a variation of 
+ 1° G. for any particuler setting of the temperature 
rheoetet, thet is, the temporature diflerenae weuld be 
1° ¢, over the sstting vefore the heating aoll would be 
tusned of f ené 1° C, below the setting before the heating 
eol11 ceme om agsaine in order to make tne asppraratus more 
seneitive to temporeture changes, the photcalectric tubes 


were moved away from the galvanometer lemp Locating tnem at 
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@ greater rediuea from the mirror. “hus, the sane teanpere- 
ture chango new would cauce the ligt to mcve further 
serceas the photesloetric tures. The ence of the tubss were 
averlapped te ont down tha deed espace betwwen thas. “he 
Light now mevosa from the eathede of one tobo to the 
eatheds of the other without eny intarvening spece, ith 
thease changee made, the tempercture setting was much mere 
genaitive. ‘the greatest verietion nor amounts to + G29 CG, 
With the testing Bex sept at a constant tempernture, tie 
present golvanometer shenld be accurate snough for normel 
Geating. Howaver, if at a lator date 1t ie found a more 
accurete tenpersturea control in nacassary, o here sensitive 
gaivanoneter sould be used with the present clrenuita. 

throughent the erlibration of the oentral plate 
the tempernture of the top guermd unit wee aiso noted, This 
eteye’d within 1° ¢, of the contrel plate. It was alwaye 
Slightly lewor dus to the difference in Loention of the 
thestiowster and the thermocourle leads, ito atiempt wae 
wade to measure the actual tomperature of the betta guerd 
wilt or aheif eoll es these were enclosed in the bore 

fhe eettings above £C° showld be checked again 


a3 soon as the testing chamber cen be brought elese to 
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4° C, These settings have not been recalibrated since the 
refinementa were meade, The temperature of the central 
plate should not be reised above 45° C, making the 20° 
setting the maximum possible when the testing chamber is et 
room tomperature. Howsver, the 5, ©0O, 35 and 40 degree 
settings are close to the corresponding sonlie division and 
should oniy heave to be changed slightly, if et ell. It is 
Cesiradie to do all the calibrating with the thermovoltage 
cancellation current eat 6.2 milliempere eo that the use of 
only one scele will be necessary for e chengs in temgerae 
ture. Table I skows eo series of reedings teken at beth the 
15 and 20 degree settings. These readings wore at 5 minute 
intervais and shew thet the everege for ean hour is in error 
less than 0.2% of the dealred temperature difference. 

These readings were teken with the testing box et roan tem 
perature. It will be noted thet the rocm temperature verid 
during the time the resulta were teken, “ithout this 
Variation in testing box temperature, there is a possibility 


the error will be even less than 0.1%. 
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The test samples were cut in 1@-ineh squeres in 
oraer to cover the central plate end tep guerc ring unit 
with e small ellowance outside the guerd unit. Table II 
gives a Ceseri;tion of the fabrics used glong with 
necessary detells, such es veight, thickness, and per- 
meability. In conducting o test, the specimen was rlecedc 
on the centrel plete ine smooth, flat condition, without 
tension. The identificetion tag wes always piaced in the 
lower right hené corner of the testing bexe The apperatus 
wes turned on as Ceseribed in the Operating Instructiona. 
For the first hour the central plete heating coll rhecstat 
was set at 0.7 ampere and each of the guard unit rhecstats 
set at 1.0 ampere in order to heat the appsratus cuickly. 
After sbout one hour, the units sterted turning eff, and 
the desired testing currents were sote--seo Table iil, 

This table showid be used te obtein approximete high and 
low currente. Tha objest isa to select these currents se 
thet the hick current will be on arproximetely half the 
totel time of the tost. When the galvanometer remained in 


appreximetely the centrel poaition for a complete cyels of 





the rotery switeh, the anperstus hed reached equilibriwun 
end the teet was begun. The stert wes either at the begin- 
ning or end of «a high current cycle for the centrel plete 
heeting coil. in order to best averoge the test, the 
stepping point was also st the seme part of the high cur~ 
rent cytlie, It was founé to be simpler te have the 
electric clock set at oxactly 12-00-00 and to start the 
test when the high current turned on. The totel time of 
the test was measured by a wrist watch eith a sweep second 
hand, The only readings neceassry for a tast are the time 
of starting and stopping, the time the high current ta on, 
the temperature rheostet, anc the high eané low eurrents of 
the central plate heating coil, For most fabrics, a total 
time ef 3 hours is setisfactory for a single test. The 
cooiricient of heat transfer is computed as shown on 


PRES o9 USing Tables iV anc VY, 
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CLERALING INOTHUCTIONS 


fee that battery recom voltmeter reada at least 120 
volte with 125 volts preferred, 

Turn on trickle cherge for batteries, 

turn on refrigereter. 

Flug in four leads to tert centrol board. 

Set thermoccuple componsating current at 0.2 miliie 
Ope. 

Set tempersture rheestat at desireé differential. 
Turn on switehes 4, 5, G, 7, &, and 9, 

Place specimen on centrel plate without tension end 
in a smootn ecndition. 

“6t central plate current et 0.7 empere and guard units 
at 1.0 empere each. 

Shen ell heeting coils are up to temperature, set 
surroents to those desired fer test. 

then spotlight remains in approximately the central 
pesition for e comrlete cycle of the rotery switch, 
the epperatus is ready toe commence a teste 


Start test by turning on switeh ¢, cbaervins time the 


high current to central plete turns on, anc observing 
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electric cloak reacing. 

1S. Wan test for desirec length of time. ‘Gtop by 
observing time high current to central plate turns on 
and @lectric clock reacing. 

14. Galoulsate seefficient of heat transfer as shown in 


the sample calculation on page 29, 
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SAMPLE CALCULATION 


K IgE yt + 1, E, (7 - t) 
4.186 A eT 


Soyzb Cvuantit Units 


m . « « Goeffielent of heat trensfer . , ceal/sec/m®/[% 
in . . « high current to central plate. . anpores 
dt; » « « low current to centrel plate . . emperes 
Ey 2 « » Voltage corresponding to Ty. - « volts 
it, « © « VOltsgs corresponding te IL. . « volts 
t .. . time I, 16 on Guring test .. , seconds 
T . « « time of duretion of test ... . seccnts 
A « « e« ares of central plate ..e «6 - meters” 
| @ ... temperature greciont . .... . 
4.186 . , number of jJonles in l eslerie , 


Febrie £4 


fempereture rheostet . 2 «06 6 s+ e RO" S 
High Current «© « «© «© © «© © s © «© @ & eco Rp. 
Low current . 1 « » © «© © © © © © oif amp. 
Test ended ee ee © © © @ © © © @© @ & 14-6681 
Test started we @VetePse he A Bw GF 10-54-47 
7. w * @¢ @ © ®@ @© @ @ © ® © © © 6 © @ @ is48E seconds 
9 haeteeprewmees ©€PRPttiésneee 7H€O seeonds 
"*@Veeeewee € © OC Owe £44 6 74ZE seconda 
Erom Isble Iv Prom Table V. 
ies ,.¢& ih @ 1,81 S& #2 (9 
LT2.,1& Th ® 0.5074 4,186 AS = 0,562 
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Tempereture Becordings of Centrel Flete 
end Testing Box 


Temperatures in °C 
Dial et 15% C Tiel at 20 























Time Cold Central| vitffer- Cold Central |biffer 
Minutes|Junction! Flate ence Junction| Piste ence 












Total Totel 


[15.008 | 


Average | 15.008 Averege 











Ole 


Thiek-| Ounces |Apperent | lt ermea- 
ness®| per bensity |bijity b 
Fabric Lescription Inches| Yard | @/ft fto/nin/ tt’ 


Cotten sheeting 


Trorical worsted 

Cotton twill 

Wool dress goods 

Wool double cloth 

Double loop frieze 
Nool pile - 
Cotton beck 


Alpeca pile « 
Gotton back 


Dynel pile « 
Cotton back 


Dynel plle + 
Lyne] back 





&®e- 21 ~- & in accordance with ASTK satendaridis 
G- 9 with sere pressure 


b = Gurley permeometer 
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Current Settings for a Temperature Gredient of 20° & 





‘ings - Amperesg 
Estimated lop Eottom | Shel 
Heat Guard Guerd | Guard 
trang Unit Unit Unit 


ES 


0.0 = 0.08 


0.06 = O415 0.15 


O.15 - 0-40 ra 0212 





Oe 40 wad 0.70 
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TABLY IV 


Amperes and Volts for Centrel iste Jesting Coil 





TABLE V_ 


Gonstents Used in Corputations 
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TABLE VI 
Lota for spble Vit 
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LESCUSSION {MI CONCLUSIONS 


The automatic temperature controls herve proved 
very accurate, Teble I shows a sories of readings teken eat 
both the fifteen end twenty degree centigrede differential se 
the evernge for one hour at the fifteen degree setting was 
in error only 0,008 degree, while the twenty cegree setting 
showed an error of 0.04 for an hour, The lergest deviation 
im eny case was 0,5 degree centigrede for the twenty degree 
setting. This enounts to only 1.8% whieh, in this case, is 
not signifieant. wen if a completes test were conducted 
with a temperature error of 0.5 degree centigrade, the 
cemputed eceffielent of heat transfer would only be changed 
by Qe0%. Thie is well within the reproducibility of the 
apperatus, One vust remember that these results were 
obtained without « eonstent tempernture in the teat chamber, 
*hen a new refrigeration unit is installed, the temperature 
control should be even more accureta. It should be noted 
that ony chenge in the testing cabinst temperature requires 
a corresponcing change in the central plate temperature in 
order to keep the seno temperature gradient. The apperatus 


makes this componsation automatically, but one must remanber 
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thet the hest input to the central plate is different when 
it is being kept at e constent tempernture than when ite 
temperature muet be reised or lowered, It is aleo believed 
the tempereture control can ba improved by painting the 
eentral picte and top guard unit with e bleeck lacquer, This 
will not give a better contrel fer any one tost, But will 
give better temperature control cver e period of time due to 
& more ornstant enissivity of the hot plate. 

The eoeffiecient of heat trensfer was determined 
for all tho fabrics et the twenty degree differential. Time 
Gid not permit testa for e131 the fabrics at the other 
settings but teats wore run at the fifteen degree gradient 
for fabrics 5 and 44 Eefore the refrigeration unit became 
inoperative, teats were run at the thirty-live dogree 
grecient for febrics % end 4 end also et thirty cegroes for 
febric 3. The resulte obteined in ell of the teate sre 
shown in Table IV. 

The rolatiocnship betwoen the ecefficient of heat 
transfer and temperature gradient is shown on Figure [IIe 
The coeffielent actueliy increasse somewhat with en inorease 
in texperature cifferential. It meens that more heat is 


trenamittod por degrees centigrece fcr a greeter tonperature 
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gradient. This behavior may bo cue to increneed radietion 
loss but may also be effected by conveeticn of the alr 
above the fabric. One might assume that the preee ure of 
reporting the ecefficilent of heet trenafer es calories/ 
eeconi/meter=/degree centigrade is not Justified, However, 
this does reduce the coefficient to en aprroximete corzon 
Dasia for cdiffsrent temperature gradients. Howevor, in 
reporting any results, the tempersture differential used 
should be stated, This wovld be neeessary for any sttenpt 
at correlation between difYeorent laberatorics or 
apperatuses, For use et Lowell Textile Inetituto, it is 
Delieved the best resulis will be odteined if a standerd 
temperature differential ia chosen end all work done with 
this gradient for a comperison af resuita, 

As steted previcusly, thecretically, the length 
of tine ef a toet may be any desired intervel as long as it 
ecvers oomplote ecyeles of the high ond low currents. howe 
ever, in actual prectice, it has been found thet a four-hour 
test gives the best results for fabrics tested et a trenty 
Gegreo differential. That is, the four-hour teste stew to 
give the best reproducibility. However, when the suggec- 


tions fcr future wok are carried throush, it may be found 
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thet e much shorter test will give eecurete results. An 
attempt should be mece to reduce the testing time as much as 
possible in orcer to allow more tests to bo ecrducted in eny 
one work day. A positive statement can not be sade concern« 
ing the length of time to conduct a test. The cate in 
fable Vi is presented in euch so manner that the coefficient 
of heat trenafer is computed from the criginel sterting time 
$n exch case. That is, the three-hour result inoluées the 
teteli time of three hours and not just the hour time intere 
Yel between the two end thres hour readings. No definite 
trend exists in eny of the results. In sane casea the 
coefficient of heat trenafer ineresses with eech hour of 
testing vhile in others it decrereses, In still other 
instencea, the soeffielent inereasse anc then decrargses 
during a period of four houray, while for other fabrics, the 
results show first « decrease and then an inereess. Liven 
for n single fabric the eoefficient will increase during e 
test in one instance and decrease in enother. te one period 
of all the tests can be eliminated to give better resuits, 
Thet is, the first hour rosults does mot show « wide variee 
tion from the remaining hours, nor a@ees it colneide with a 
ecefricient of hoat trenafer computed Por e tro, three, or 


four hour teats 
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A plot of the oveffictent of heat transfer versus 
thickness of fabric 1s shown in Figure IV. Figure V shovrs 
@ plot of coefficient of heet transfer versus apperent 
Genelty, Apperent density was computed from the weight per 
yera end thickness os shown in Teble Ii, These grenhes show 
that the beet correletion is between thickness of febrica 
and hest transfer. Thia same fact has been brought eut by 
previous studies", For attuel use, however, the thicimess 
of febvrics will vary with cempression, weer or location in 
@ germent, Thus, © cotton blentet may eppeer just es warms 
es a weel blanket when teste@ in 6 new condition bet, sfter 
six months! use, the effective thickmess of the cotten will 
be much lees, due to the higher resilience of the wool. 
This testing wes ecnducted without preesure on top of the 
febric but, fer auch things as cold weather boot insulation, 
A pretsure per squere inch equal to thet exerted by a wen's 
weicht ovet be used to give resulta that are closer to the 
actual telues found tn use. Premsvre on thse fabric could 
be preducad by a metal plate with a thermocouple to give 


the temperature difference between the hot end cold pletes. 


i. Go. “ansten ® 5. Beker, Measurement of The Thermal 
Trenmnission of Textile Fabrica, ASIs Bul. Re. LMM, 
Des. 1949 





The ccefficient of heat transfer of 1,50, as 
shown in Teble VII fer febrie 4, was obtained fram ean 
average of five four-hour teste, Tha results varied frem 
1,058 to 1.62 #8 shown in Table Vi, The verintions wany be 
cue to the fret thet the temperatitte of the trating cabinet 
was not controllisd, or to Verietions in voltegs suppliee to 
the eentral plate heating cell, If these ers not the 
Gauss, ¢ lerge manber of testa will be required for testing 
amoll differences in meterieais, Nowever, it ia delileved 
thet with the teating eebinet kept at 2 constant tempera- 
ture end 2 eometant voltage supply, the reprocuclbhility 
should be euch thet g@erxll veristicns in thermal tranaatt- 
tance <«f febries can be weesured with a singles teat on each 
fabric, 
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SUGGHETIONS vo) FPUTURY SORE 


After e new refrigeration unit hes been instelled, 
cheek the [5, 20, €5, end 40 degree settings of the 
temperature rheostat for eny slight ineceuracioss 
Test many more fabrics of varying thiclimesses, to 
determine the accuracy cf the curves shovn on 

Pigures ITI and IV, 

Paint central piate with a Bleek lecquer te give it 
approzimately the emissivity of the humen body. This 
will alec prevent chenges in emissivity due to 
oxidation of the corner plete. 

Teat febrica that are alike except for color, to 
Getermine effect ef coler on thermel trenamiasions 
fest different layers of the seme fabric. 

Attach a fan inside the test eabinet te determine the 
effect of wind velocity on the fabries alreecy tested. 
& more congtart Voltage supply or use of a watt-hour 


meteor should give better reproducibility of results. 
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Suith 
Completion, calibration and test~ 
ing of an apparatus for measuring 
the thermal transmittance of fabrics 


Blas trate 





